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REAL-TIME ADAPTIVE MINIMUM PHASE
WAVELET GENERATION FOR DOWNHOLE
TOOLS

CROSS-REFERENCE TO RELATED D
APPLICATION

The present application 1s a U.S. National Stage Appli-
cation of International Application No. PCT/US2016/
029755 filed Apr. 28, 2016, which claims benefit of U.S.
Provisional Application No. 62/163,763 filed May 22, 2015,

both of which are incorporated herein by reference in their
entirety for all purposes.

The present disclosure relates generally to well logging,
drilling, and completion operations and, more particularly,
to systems and methods for real-time adaptive minimum
phase wavelet signal generation 1n a downhole tool.

Well logging, drilling, and completion operations some-
times require the use of casings within a wellbore m a 2¢
subterrancan formation to ensure that the wellbore does not
collapse once 1t 1s drilled and that sensitive areas of the
formation are protected and isolated. In most cases the
casings are secured in the wellbore using a cement layer that
f1lls an annulus between and bonds to both the casing and the 25
formation. The strength of both cement bonds 1s 1mportant
to the integrity of the well. Measuring cement impedance
can provide mnformation about the strength of the cement

bonds.

Some casing and cement evaluation tools transmit an 30
acoustic pulse signal into the casing and cement layer, and
receive an echo signal of that pulse. The echo signal may
include reflections and reverberations caused by the casing,
the cement layer, and/or interface between the two. These
reflections and reverberations may be used, i part, to 35
calculate cement impedance. Minimum phase wavelets are
a preferred type of drive pulse for use in acoustic or
clectromagnetic tools because they deliver an optimal wave-
form and the best signal with the least amount of power.
Typical methods of calculating minimum phase wavelets 40
involve tedious trial and error computations, which must be
done prior to use, and stored in memory as a set of
pre-calculated minimum phase wavelets. Thus, there are
typically only a few pre-calculated wavelets for a given tool
and there 1s typically no potential for real-time adaptation of 45
the minimum phase wavelet.

10

15

FIGURES

Some specific exemplary embodiments of the disclosure 50
may be understood by referring, 1 part, to the following
description and the accompanying drawings.

FIG. 1 1s a diagram illustrating an example casing and
cement evaluation tool, according to certain embodiments of
the present disclosure. 55

FIG. 2 1s a block flow diagram illustrating a feedback
system used to determine a minimum phase wavelet for an
example cement and casing evaluation tool, according to
certain embodiments of the present disclosure.

FI1G. 3 1s a block flow diagram illustrating a real cepstrum 60
analysis ol a proposed pulse, according to certain embodi-
ments ol the present disclosure.

FIG. 4 1s a set of graphs of example minimum phase
wavelets 1n time and frequency domains, according to
certain embodiments of the present disclosure. 65

FIG. § 1s a diagram showing an illustrative drilling
system, according to aspects of the present disclosure.
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FIG. 6 1s a diagram showing an illustrative wireline
logging system, according to aspects of the present disclo-
sure.

While embodiments of this disclosure have been depicted
and described and are defined by reference to exemplary
embodiments of the disclosure, such references do not imply
a limitation on the disclosure, and no such limitation 1s to be
inferred. The subject matter disclosed 1s capable of consid-
erable modification, alteration, and equivalents in form and
function, as will occur to those skilled in the pertinent art and
having the benefit of this disclosure. The depicted and
described embodiments of this disclosure are examples only,
and not exhaustive of the scope of the disclosure.

DETAILED DESCRIPTION

The present disclosure relates generally to well drilling
operations and, more particularly, to systems and methods
for real-time adaptive minimum phase wavelet signal gen-
eration 1 a downhole tool.

For purposes of this disclosure, an information handling
system may include any instrumentality or aggregate of
instrumentalities operable to compute, classily, process,
transmit, receive, retrieve, originate, switch, store, display,
manifest, detect, record, reproduce, handle, or utilize any
form of information, mtelligence, or data for business,
scientific, control, or other purposes. For example, an infor-
mation handling system may be a personal computer, a
network storage device, or any other suitable device and
may vary in size, shape, performance, functionality, and
price. The information handling system may include random
access memory (RAM), one or more processing resources
such as a central processing unit (CPU) or hardware or
soltware control logic, ROM, and/or other types of nonvola-
tile memory. Additional components of the information
handling system may include one or more disk drives, one
or more network ports for commumication with external
devices as well as various mput and output (I/0) devices,
such as a keyboard, a mouse, and a video display. The
information handling system may also 1include one or more
buses operable to transmit communications between the
various hardware components. It may also include one or
more interface units capable of transmitting one or more
signals to a controller, actuator, or like device.

For the purposes of this disclosure, computer-readable
media may include any instrumentality or aggregation of
instrumentalities that may retain data and/or 1nstructions for
a period of time. Computer-readable media may include, for
example, without limitation, storage media such as a direct
access storage device (e.g., a hard disk drive or floppy disk
drive), a sequential access storage device (e.g., a tape disk
drive), compact disk, CD-ROM, DVD, RAM, ROM, elec-
trically erasable programmable read-only memory (EE-
PROM), and/or flash memory; as well as communications
media such wires, optical fibers, microwaves, radio waves,
and other electromagnetic and/or optical carriers; and/or any
combination of the foregoing.

[lustrative embodiments of the present disclosure are
described 1n detail herein. In the interest of clarity, not all
features of an actual implementation may be described 1n
this specification. It will of course be appreciated that 1n the
development of any such actual embodiment, numerous
implementation specific decisions are made to achieve the
specific implementation goals, which will vary from one
implementation to another. Moreover, 1t will be appreciated
that such a development eflort might be complex and
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time-consuming, but would nevertheless be a routine under-
taking for those of ordinary skill in the art having the benefit
of the present disclosure.

To facilitate a better understanding of the present disclo-
sure, the following examples of certain embodiments are
given. In no way should the following examples be read to
limait, or define, the scope of the disclosure. Embodiments of
the present disclosure may be applicable to horizontal,
vertical, deviated, or otherwise nonlinear wellbores 1n any
type of subterranean formation. Embodiments may be appli-
cable to mjection wells as well as production wells, includ-
ing hydrocarbon wells. Embodiments may be implemented
using a tool that 1s made suitable for testing, retrieval and
sampling along sections of the formation. Embodiments
may be implemented with tools that, for example, may be
conveyed through a flow passage 1n tubular string or using
a wireline, slickline, coiled tubing, downhole robot/tractor
or the like.

The terms “couple” or “couples” as used herein are
intended to mean eirther an indirect or a direct connection.
Thus, 1 a first device couples to a second device, that
connection may be through a direct connection or through an
indirect mechanical or electrical connection via other
devices and connections. Similarly, the term “communica-
tively coupled” as used herein i1s intended to mean either a
direct or an indirect communication connection. Such con-
nection may be a wired or wireless connection such as, for
example, Fthernet or LAN. Such wired and wireless con-
nections are well known to those of ordinary skill 1n the art
and will therefore not be discussed 1n detail herein. Thus, 1f
a first device communicatively couples to a second device,
that connection may be through a direct connection, or
through an indirect communication connection via other
devices and connections.

Modermn petroleum drnlling and production operations
demand information relating to parameters and conditions
downhole. Several methods exist for downhole information
collection, including logging-while-drilling (“LWD”) and
measurement-while-drilling (“MWD™), and wireline. In
LWD, data 1s typically collected during the drilling process,
thereby avoiding any need to remove the drilling assembly
to 1sert a wireline logging tool. LWD consequently allows
the dnller to make accurate real-time modifications or
corrections to optimize performance while minimizing
down time. MWD 1s the term for measuring conditions
downhole concerning the movement and location of the
drilling assembly while the drilling continues. LWD con-
centrates more on formation parameter measurement. While
distinctions between MWD and LWD may exist, the terms
MWD and LWD often are used interchangeably. For the
purposes of this disclosure, the term LWD will be used with
the understanding that this term encompasses both the
collection of formation parameters and the collection of
information relating to the movement and position of the
drilling assembly.

The present disclosure provides methods comprising:
selecting a proposed pulse; generating a minimum phase
wavelet based, at least in part, on the proposed pulse;
generating a pulse signal within a wellbore based, at least 1n
part, on the minimum phase wavelet; and receiving an echo
signal corresponding to the pulse signal from at least a
portion of the wellbore, wherein the echo signal 1s indicative
of a wellbore property. In certain embodiments, a second
proposed pulse 1s selected based, at least 1n part, on the echo
signal; and the generating, and receiving steps are repeated
for the second proposed pulse.
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The present disclosure also provides methods comprising:
selecting a proposed pulse; generating a minimum phase
wavelet based, at least in part, on the proposed pulse;
generating a pulse signal within a wellbore based, at least 1n
part, on the mimnimum phase wavelet; and receiving an echo
signal corresponding to the pulse signal reflecting from a
wellbore casing, wherein the echo signal 1s indicative of a
characteristic frequency of the wellbore casing; selecting a
second proposed pulse based, at least in part, on the char-
acteristic frequency of the wellbore casing; generating a
second minimum phase wavelet based, at least 1n part, on the
second proposed pulse; generating a second pulse signal
within the wellbore based, at least in part, on the second
minimum phase wavelet; and receiving a second echo signal
corresponding to the second pulse signal reflecting from the
wellbore casing, wherein the second echo signal 1s 1ndica-
tive of the characteristic frequency of the wellbore casing.

The present disclosure also provides systems comprising:
a downhole tool; a transducer coupled to the downhole tool;
and a controller communicably coupled to the transducer
and configured to select a proposed pulse; generate a mini-
mum phase wavelet based, at least in part, on the proposed
pulse; cause the transducer to generate a pulse signal within
a wellbore based, at least 1n part, on the minimum phase
wavelet; and cause the transducer to recerve an echo signal
corresponding to the pulse signal from at least a portion of
the wellbore, wherein the echo signal 1s indicative of a
wellbore property.

As used herein, a “minimum phase wavelet” refers to a
causal and stable discrete waveform which has finite time
duration and a concentration of signal energy at the begin-
ning portion of the waveform. In certain embodiments,
minimum phase wavelets used as the drive pulse for acoustic
or electromagnetic tools generate high-quality echo signals
that are short 1n time while still comprising the desired
formation information. In some embodiments, the minimum
phase wavelet has the same or different spectral magnmitude
as the proposed pulse.

FIG. 1 1s a diagram illustrating an example casing and
cement evaluation tool 100 with radially offset transducers
106 for use 1n 1n-situ fluid speed and attenuation measure-
ments, according to aspects of the present disclosure. The
tool 100 may comprise a tool that 1s suspended (e.g., via
wireline, slickline, coiled tubing, drill pipe/tubing, down-
hole tractor, or the like) within a wellbore 150 1n a subter-
rancan formation 152. As depicted, the tool 100 may be
positioned within a casing 102 that 1s secured in the wellbore
150 by a cement layer 104 that substantially fills the annulus
between the casing 102 and the wellbore 150. The casing
102 1s at least partially filled with fluid 160, which may
comprise drilling tluid, water, and/or fluids from the forma-
tion 152. The casing 102 may comprise a metal tubular with
a pre-determined length and diameter that 1s specifically
selected for a particular depth in the formation 152.
Although only one casing 102 1s shown in FIG. 1, multiple
casings may be used, including 1n a telescopic orientation
where casings with progressively smaller diameters are used
as the wellbore 150 extends further into the formation 152.
The casing 102 may prevent the wellbore 150 from collaps-
ing, prevent sensitive formation strata from exposure to
downhole flmids, and prevent unwanted formation fluids
from entering the wellbore 150.

The tool 100 comprises an elongated tool body 120
comprising a rotating head 108 with one or more transducers
106 coupled thereto. Example transducers include, but are
not limited to, piezoelectric crystals, geophones, electro-
magnetic elements, etc. As depicted, the rotating head 108 1s
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positioned at a distal end of the elongated tool body 120. In
other embodiments, the rotation head 108 may be positioned
at one or more mntermediate portions of the elongated tool
body 120, which may provide greater flexibility with respect
to the tool design. As depicted, the diameter of the rotating
head 108 1s larger than the diameter of the elongated tool
body 120, but other configurations are possible within the
scope of the present disclosure.

The rotating head 108 may be driven by an electric motor
(not shown) or another suitable drive mechanism that pro-
vides for the controlled rotational movement of the rotating,
head 108 with respect to the tool 100. As depicted, the
rotating head 108 1s driven through a shait 122 connecting,
the rotating head 108 to a drive mechanism within the
clongated tool body 120. Power for the drive mechanism and
other elements within the tool 100 may be provided, for
istance, through the means of suspension, or by one or
more power sources, €.g., batteries, capacitors, generators,
within the tool 100.

Generally, the tool 100 functions by transmitting a direc-
tional acoustic pulse signal 110 from a transducer 106 to the
casing 102. The directional acoustic pulse signal 110 1s not
limited with respect to frequency and can but 1s not required
to be an ultrasonic pulse. The directional acoustic pulse
signal 110 may be a pulse signal based, at least 1n part, on
a minimum phase wavelet. That pulse signal 110 may
contact, be reflected by, and/or cause to reverberate the
casing 102, the cement layer 104, and the interface between
the casing 102 and the cement layer 104. These retlections
and reverberations may comprise an echo signal 112 that 1s
received by the transducer 106 that transmitted the pulse
signal. In certain embodiments, the echo signal 112 1s
indicative ol a wellbore property. Once received by the
transducer 106, the echo signal 112 may be transmitted to
one or more control systems (not shown) associated with the
tool 100 to calculate or otherwise determine characteristics
of the casing 102 and cement layer 104, such as the cement
impedance, or to calculate a second minimum phase wave-
let.

In certain embodiments, a controller associated with the
tool 100 may be configured to select a proposed pulse,
generate a minimum phase wavelet based, at least 1n part, on
the proposed pulse, generate a pulse signal 110 within the
wellbore 150 based, at least 1n part, on the minimum phase
wavelet; and receive an echo signal 112 corresponding to the
pulse signal from at least a portion of the wellbore 150. In
certain embodiments, the controller may be communicably
coupled to the transducer. The controller may comprise a
control unit located within the downhole tool, at the surtface,
or a combination of the two.

As used herein, a control system may comprise an infor-
mation handling system or any other device that contains at
least one processor communicably coupled to a non-transi-
tory computer readable memory device containing a set of
instructions that when executed by the processor, cause it to
perform certain actions. Example processors include micro-
processors, microcontrollers, digital signal processors
(DSP), application specific integrated circuits (ASIC), field
programmable gate arrays (FPGA), or any other digital or
analog circuitry configured to interpret and/or execute pro-
gram 1nstructions and/or process data. The one or more
control systems associated with the tool 100 could be, for
example, wholly within the tool 100, located at the surface,
or a combination of the two (e.g., some processing occurring
downhole and some done at the surface).

The speed and attenuation characteristics of the fluid 160
within the casing 102 may affect the pulse signals 110 by
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skewing or otherwise reducing the amplitude of the pulses,
which 1n turn may aflect the amplitude of the echo signal
112. Additionally, the speed and attenuation characteristics
of the fluid 160 may alter the frequency response of the pulse
signals 110 and the echo signal 112. These eflects can be
accounted for when the characteristics of the casing 102 and
cement 104 are calculated or determined, provided values
for the speed and attenuation characteristics. Typically, these
values are either estimated based on experimental values or
measured n-situ using a dedicated transducer with a known
oflset distance from a reference block, as 1s the case 1n the
mud cell 124 present 1n the tool 100.

FIG. 2 1s a block flow diagram illustrating a feedback
system 200 used to determine a minimum phase wavelet for
an example cement and casing evaluation tool, according to
certain embodiments of the present disclosure. Initially, a
proposed pulse may be selected 201. In some embodiments,
the spectral magnitude of the proposed pulse may be deter-
mined based on one or more real-time wellbore conditions,
including, but not limited to borehole fluid attenuation. A
minimum phase wavelet may be determined and/or gener-
ated 212 based, at least 1n part, on the proposed pulse 201.
The minimum phase wavelet generation may occur within a
digital signal processing and/or field programmable gate
array unit 210. The digital signal processing 210 and mini-
mum phase wavelet generation 212 may be carried out by an
information handling system within a downhole tool and/or
on the surface. In some embodiments, the minimum phase
wavelet generation and other processing occurs in-situ in
real time. In certain embodiments, the minimum phase
wavelet 1s generated based, at least 1n part, by calculating a
real cepstrum of the proposed pulse.

FIG. 3 1s a block flow diagram illustrating a cepstrum
analysis ol a proposed pulse, according to certain embodi-
ments of the present disclosure. The algorithm 300 con-
structs a minimum phase wavelet 350 based on a proposed
pulse 310. First, the proposed pulse 310 1s filtered 330. In
some embodiments, the filter 1s selected based, at least 1n
part, on a desired frequency window 320. Real cepstrum
analysis 340 1s performed on the filtered pulse 330. In
certain embodiments, calculating the real cepstrum 340
comprises transforming the filtered pulse 330 by a Discrete
Fourier Transform (DFT) 342 into the frequency domain
equivalent. The common logarithm of the spectral magni-
tude of the frequency domain equivalent i1s taken 344, and
the result 1s transformed by the Inverse Discrete Fourier
Transtform (IDFT) 346 back into the time domain. The
output of the algorithm 300 i1s a time domain minimum
phase wavelet 350 based, at least 1n part, on the proposed
pulse 310. In certain embodiments, the DFT and IDFT may
be calculated by the Fast Fourier Transform and inverse Fast
Fourier Transform algorithms, respectively.

Returning to the feedback system of FIG. 2, the con-
structed minimum phase wavelet 1s transmitted to a driver
220 and to the transmitter/receiver system 230 (e.g., trans-
ducer). The transmitter/recerver system 230 generates a
pulse signal 245 within a wellbore based, at least 1n part, on
the mimimum phase wavelet. In some embodiments, the
generated pulse signal 245 1s transmitted through the well-
bore to an acoustic target 250. In some embodiments, the
acoustic target may be a portion of the wellbore, such as the
casing 250. Portions of the pulse signal 245 are transmuitted
into, absorbed by, and/or reverberated within the casing 250.
In some embodiments, the casing 250 has a characteristic
frequency directly depending on 1ts thickness. In some
embodiments, for example, 11 a casing 1s 1 inch thick, then
the largest reverberation response signal may be about 114
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kHz for a normal o1l field casing material. An echo signal
245 corresponding to the pulse signal 243 1s received by the
transmitter/receiver system 230.

In some embodiments, at least one of the pulse signal and
echo signal 245 1s filtered 240. The echo signal 245 may be

digitized by an analog to digital converter 260 prior to the
selection of a second proposed pulse 216. The digitized
signal may be transmitted to a digital signal processor and/or
other information handling system. In some embodiments,
the characteristic frequency band of the casing 250 may be
determined from the echo signal 245. In some embodiments,
the echo signal 245 may be indicative of a wellbore property,
such as a wellbore condition (e.g., drilling fluid attenuation)
or characteristic (e.g., casing thickness). For example, the
wellbore property may include physical characteristics (e.g.,
impedance, thickness, slowness, reflectance) of the casing
layer 250 and/or a cement layer. In certain embodiments, the
echo signal may be indicative of at least one of a casing
thickness, a casing impedance, a casing slowness, a casing
reflectance, and a casing characteristic frequency. In some
embodiments, the echo signal may be indicative of at least
one of a cement layer thickness, a cement layer impedance,
a cement layer slowness and a cement layer reflectance.

In some embodiments, a second minimum phase wavelet
1s generated 212 by estimating a wavelet 216 based, at least
in part, on the echo signal 245 and using 1t as an input 214
for a second minimum wavelet generation 212. In some
embodiments, a second proposed pulse may be selected
and/or estimated 216 based, at least in part, on the echo
signal 245 and used as an mput 214 for a second minimum
wavelet generation 212. In some embodiments, the spectral
magnitude of the second proposed pulse may be determined
based, at least in part, on the echo signal 245. In some
embodiments, a second proposed pulse may be selected 216
based, at least in part, on the characteristic frequency of the
wellbore casing 250. A second minimum phase wavelet may
be generated based, at least 1n part, on the second proposed
pulse. In certain embodiments, a second mimmum phase
wavelet may be generated by calculating a real cepstrum of
the second proposed pulse. The second minimum phase
wavelet may be transmitted to the driver 220 and transmit-
ter/receiver system 230 to generate a second pulse signal
245 Wlthm the wellbore. The second pulse signal 245 may
reflect ofl at least a second portion of the wellbore, such as
the wellbore casing 250. The reflected portion of the second
pulse signal 245 may be received by the transmitter/receiver
system 230 as a second echo signal 245. The second echo
signal 245 may be indicative of a wellbore property, such as
a wellbore condition (e.g., drilling fluid attenuation) or
characteristic (e.g., casing thickness). For example, the
wellbore property may include physical characteristics (e.g.,
impedance, thickness, slowness, reflectance) of the casing
layer 250 and/or a cement layer. In certain embodiments, the
second echo signal 1s indicative of the characteristic ire-
quency of the wellbore casing 250.

In certain embodiments, a feedback loop comprising
selecting proposed pulses 216 based on echo signals 245
may provide an optimized minimum phase wavelet. In
certain embodiments, a feedback loop may comprise select-
ing proposed pulses, generating minimum phase wavelets
based, at least 1n part, on those proposed pulses, generating,
pulse signals based, at least 1n part, on the minimum phase
wavelets, and receiving echo signals corresponding to the
pulse signals from at least a portion of the wellbore. In
certain embodiments, the feedback loop 1s performed until 1t
generates an optimized minimum phase wavelet.
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FIG. 4 1s a set of graphs of example minimum phase
wavelets 1 time and frequency domains, according to
certain embodiments of the present disclosure. The two
graphs 1n the left-hand column represent a minimum phase
wavelet broadband pulse spanning 50-250 kHz. The two
graphs 1n the right-hand column represent a minimum phase
wavelet of a narrow tune pulse centered at 115 kHz.

One or more of the methods described above may be
incorporated into/with a wireline tool/sonde for wireline
logging operation or mnto/with one or more LWD/MWD
tools for drilling operations. FIG. 5 1s a diagram showing a

subterranean drilling system 80 incorporating at least one
acoustic LWD/MWD downhole tool 26, according to
aspects of the present disclosure. The dnlling system 80
comprises a drilling platform 2 positioned at the surface 82.
As depicted, the surface 82 comprises the top of a formation
84 containing one or more rock strata or layers 18a-c¢, and
the drilling platform 2 may be 1n contact with the surface 82.
In other embodiments, such as i an ofi-shore drilling
operation, the surface 82 may be separated from the drilling
platform 2 by a volume of water.

The drilling system 80 comprises a derrick 4 supported by
the drnilling platform 2 and having a traveling block 6 for
raising and lowering a drill string 8. A kelly 10 may support
the drill string 8 as 1t 1s lowered through a rotary table 12.
A drill bit 14 may be coupled to the drill string 8 and driven
by a downhole motor and/or rotation of the drill string 8 by
the rotary table 12. As bit 14 rotates, 1t creates a borehole 16
that passes through one or more rock strata or layers 18a-c.
A pump 20 may circulate drnilling fluid through a feed pipe
22 to kelly 10, downhole through the interior of drill string
8, through oriﬁces in drill bit 14, back to the surface via the
annulus around dnll string 8, and 1nto a retention pit 24. The
drilling fluid transports cuttings from the borehole 16 into
the pit 24 and aids in maintaining integrity or the borehole
16.

The dnlling system 80 may comprise a bottom hole
assembly (BHA) coupled to the dnll string 8 near the drill
bit 14. The BHA may comprise various downhole measure-
ment tools and sensors and LWD and MWD elements,
including the acoustic tool 26. In one or more embodiments,
the tool 26 may comprise acoustic pulse excitation and
echo/reflection reception functionality that will be described
in detail below. As the bit extends the borehole 16 through
the formations 18a-c¢, the tool 26 may collect measurements
relating to borehole 16 and the formation 84. In certain
embodiments, the orientation and position of the acoustic
tool 26 may be tracked using, for example, an azimuthal
orientation indicator, which may include magnetometers,
inclinometers, and/or accelerometers, though other sensor
types such as gyroscopes may be used in some embodi-
ments.

The tools and sensors of the BHA including the downhole
tool 26 may be communicably coupled to a telemetry
clement 28. The telemetry eclement 28 may transfer mea-
surements from acoustic tool 26 to a surface receiver 30
and/or to receive commands from the surface receiver 30.
The telemetry element 28 may comprise a mud pulse
telemetry system, and acoustic telemetry system, a wired
communications system, a wireless communications system,
or any other type of communications system that would be
appreciated by one of ordinary skill 1n the art 1n view of this
disclosure. In certain embodiments, some or all of the
measurements taken at the tool 26 may also be stored within
the tool 26 or the telemetry element 28 for later retrieval at
the surface 82.
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In certain embodiments, the dnlling system 80 may
comprise a surface control unit 32 positioned at the surface
102. The surface control unit 32 may comprise an informa-
tion handling system communicably coupled to the surface
receiver 30 and may receive measurements from the acous-
tic tool 26 and/or transmit commands to the acoustic tool 26
though the surface receiver 30. The surface control unit 32
may also receive measurements from the acoustic tool 26
when the acoustic tool 26 i1s retrieved at the surface 102. As
1s described above, the surface control unit 32 may process
some or all of the measurements from the acoustic tool 26
to determine certain parameters of downhole elements,
including the borehole 16 and formation 84.

At various times during the drilling process, the dnll
string 8 may be removed from the borehole 16 as shown 1n
FIG. 6. Once the drill string 8 has been removed, measure-
ment/logging operations can be conducted using a wireline
tool 34, e.g., an mstrument that 1s suspended into the
borehole 16 by a cable 15 having conductors for transporting
power to the tool and telemetry from the tool body to the
surtace 102. The wireline tool 34 may comprise an acoustic
tool 36, similar to the acoustic tool 26 described above. The
tool 36 may be communicatively coupled to the cable 15. A
logging facility 44 (shown in FIG. 5 as a truck, although 1t
may be any other structure) may collect measurements from
the acoustic tool 36, and may include computing facilities
(including, e.g., a control unit/information handling system)
for controlling, processing, storing, and/or visualizing some
or all of the measurements gathered by the tool 36. The
computing facilities may be communicatively coupled to the
acoustic tool 36 by way of the cable 15. In certain embodi-
ments, the control unit 32 may serve as the computing
facilities of the logging facility 44.

An example method may include selecting a proposed
pulse. A minimum phase wavelet may be generated based, at
least 1n part, on the proposed pulse. A pulse signal within a
wellbore may be generated based, at least in part, on the
mimmum phase wavelet. An echo signal corresponding to
the pulse signal from at least a portion of the wellbore may
be received, wheremn the echo signal 1s indicative of a
wellbore property.

In one or more embodiments described 1n the preceding
paragraph, generating the minimum phase wavelet com-
prises calculating a real cepstrum of the proposed pulse.

In one or more embodiments described 1n the preceding
two paragraphs, the mimimum phase wavelet has the same
spectral magnitude as the proposed pulse.

In one or more embodiments described 1n the preceding
three paragraphs, the spectral magnitude of the proposed
pulse 1s determined based, at least in part, on one or more
real-time wellbore conditions.

In one or more embodiments described 1n the preceding
four paragraphs, wherein calculating the real cepstrum of the
proposed pulse comprises calculating an inverse discrete
Fourier transform of a log spectral magnitude of the pro-
posed pulse.

In one or more embodiments described 1n the preceding
five paragraphs, calculating the real cepstrum of the pro-
posed pulse further comprises filtering the proposed pulse.

In one or more embodiments described 1n the preceding

s1x paragraphs, the method further comprises selecting a
second proposed pulse based, at least in part, on the echo
signal; and repeating the generating and receiving steps for
the second proposed pulse.
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In one or more embodiments described in the preceding
seven paragraphs, a spectral magnitude of the second pro-
posed pulse 1s determined based, at least 1n part, on the echo
signal.

In one or more embodiments described 1n the preceding
cight paragraphs, the echo signal 1s digitized by an analog to
digital converter prior to the selection of the second pro-
posed pulse.

In one or more embodiments described 1n the preceding
nine paragraphs, the method further comprises repeating the
selecting, generating, and receiving steps 1n a feedback loop.

In one or more embodiments described 1n the preceding,
ten paragraphs, the feedback loop generates an optimized
minimum phase wavelet.

In one or more embodiments described in the preceding
cleven paragraphs, the echo signal 1s indicative of at least
one of a casing thickness, a casing impedance, a casing
slowness, a casing reflectance, and a casing characteristic
frequency.

In one or more embodiments described 1n the preceding
twelve paragraphs, the echo signal 1s indicative of at least
one ol a cement layer thickness, a cement layer impedance,
a cement layer slowness and a cement layer reflectance.

In one or more embodiments described 1n the preceding
thirteen paragraphs, the pulse signal 1s generated by a
downhole tool comprising a transducer.

In one or more embodiments described in the preceding
fourteen paragraphs, the downhole tool comprises a rotating
head to which the transducer 1s coupled.

An example method may include selecting a proposed
pulse. A minimum phase wavelet may be generated based, at
least 1n part, on the proposed pulse. A pulse signal may be
generated within a wellbore based, at least 1in part, on the
minimum phase wavelet. An echo signal corresponding to
the pulse signal retlecting from a wellbore casing may be
received, wherein the echo signal 1s imndicative of a charac-
teristic frequency of the wellbore casing. A second proposed
pulse may be selected based, at least in part, on the char-
acteristic frequency of the wellbore casing. A second mini-
mum phase wavelet may be generated based, at least 1n part,
on the second proposed pulse. A second pulse signal may be
generated within the wellbore based, at least 1in part, on the
second minimum phase wavelet. A second echo signal
corresponding to the second pulse signal reflecting from the
wellbore casing may be received, wherein the second echo
signal 1s indicative of the characteristic frequency of the
wellbore casing.

In one or more embodiments described 1n the preceding
paragraph, the method may further comprise repeating the
selecting, generating, and receiving steps 1n a feedback loop.

In one or more embodiments described 1n the preceding
two paragraphs, the feedback loop generates an optimized
minimum phase wavelet.

An example system may include a downhole tool. A
transducer may be coupled to the downhole tool. A control-
ler may be communicably coupled to the transducer and
configured to select a proposed pulse; generate a minimum
phase wavelet based, at least 1n part, on the proposed pulse;
cause the transducer to generate a pulse signal within a
wellbore based, at least in part, on the minimum phase
wavelet; and cause the transducer to recerve an echo signal
corresponding to the pulse signal from at least a portion of
the wellbore, wherein the echo signal i1s indicative of a
wellbore property.

In one or more embodiments described 1n the preceding
paragraph, the downhole tool comprises a rotating head to
which the transducer 1s coupled.
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Therelore, the present disclosure 1s well adapted to attain
the ends and advantages mentioned as well as those that are
inherent therein. The particular embodiments disclosed
above are illustrative only, as the present disclosure may be
modified and practiced in different but equivalent manners
apparent to those skilled in the art having the benefit of the
teachings herein. Furthermore, no limitations are intended to
the details of construction or design herein shown, other than
as described in the claims below. It 1s therefore evident that
the particular 1llustrative embodiments disclosed above may
be altered or modified and all such variations are considered
within the scope and spirit of the present disclosure. Also,
the terms 1n the claims have their plain, ordinary meaning,
unless otherwise explicitly and clearly defined by the pat-
entee. The indefinite articles “a” or “an,” as used in the
claims, are defined herein to mean one or more than one of
the element that 1t introduces.

What 1s claimed 1s:

1. A method comprising:

selecting a proposed pulse;

generating a minimum phase wavelet, at least 1n part, by

calculating a real cepstrum of the proposed pulse;
generating a pulse signal within a wellbore based, at least
in part, on the minimum phase wavelet; and
receiving an echo signal corresponding to the pulse signal
from at least a portion of the wellbore, wherein the echo
signal 1s 1ndicative of a wellbore property.

2. The method of claim 1, wherein the minimum phase
wavelet has the same spectral magnitude as the proposed
pulse.

3. The method of claim 1, wherein the spectral magnitude
of the proposed pulse 1s determined based, at least 1n part, on
one or more real-time wellbore conditions.

4. The method of claim 1, wherein calculating the real
cepstrum ol the proposed pulse comprises calculating an
inverse discrete Fournier transform of a log spectral magni-
tude of the proposed pulse.

5. The method of claim 4, wherein calculating the real
cepstrum of the proposed pulse further comprises filtering
the proposed pulse.

6. The method of claim 1, further comprising the steps of:

selecting a second proposed pulse based, at least in part,

on the echo signal; and
repeating the generating and receiving steps for the second
proposed pulse.

7. The method of claim 6, wherein a spectral magmitude
of the second proposed pulse 1s determined based, at least 1n
part, on the echo signal.

8. The method of claim 6, wherein the echo signal 1s
digitized by an analog to digital converter prior to the
selection of the second proposed pulse.

9. The method of claim 6, further comprising repeating
the selecting, generating, and recerving steps 1n a feedback
loop.

10. The method of claim 1, wherein the echo signal 1s
indicative of at least one of a casing thickness, a casing
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impedance, a casing slowness, a casing retlectance, and a
casing characteristic frequency.
11. The method of claim 1, wherein the echo signal 1s
indicative of at least one of a cement layer thickness, a
cement layer impedance, a cement layer slowness and a
cement layer reflectance.
12. The method of claim 1, wherein the pulse signal 1s
generated by a downhole tool comprising a transducer.
13. The method of claim 12, wherein the downhole tool
comprises a rotating head to which the transducer 1s coupled.
14. A method comprising:
selecting a proposed pulse;
generating a minimum phase wavelet based, at least 1n
part, on the proposed pulse, wherein a signal energy of
the minimum phase wavelet 1s more concentrated than
a signal energy of the proposed pulse;

generating a pulse signal within a wellbore based, at least
in part, on the minimum phase wavelet; and

recerving an echo signal corresponding to the pulse signal
reflecting from a wellbore casing, wherein the echo
signal 1s indicative of a characteristic frequency of the
wellbore casing;

selecting a second proposed pulse based, at least 1n part,

on the characteristic frequency of the wellbore casing;
generating a second minimum phase wavelet based, at
least 1n part, on the second proposed pulse;
generating a second pulse signal within the wellbore
based, at least in part, on the second mimmum phase
wavelet; and
recetving a second echo signal corresponding to the
second pulse signal reflecting from the wellbore casing,
wherein the second echo signal 1s indicative of the
characteristic frequency of the wellbore casing.

15. The method of claim 14, further comprising repeating
the selecting, generating, and recerving steps 1n a feedback
loop.

16. A system comprising:

a downhole tool;

a transducer coupled to the downhole tool; and

a controller commumnicably coupled to the transducer and

configured to

select a proposed pulse;

generate a minimum phase wavelet, at least in part, by
calculating a real cepstrum of the proposed pulse;

cause the transducer to generate a pulse signal within a
wellbore based, at least 1n part, on the minimum
phase wavelet; and

cause the transducer to receive an echo signal corre-
sponding to the pulse signal from at least a portion of
the wellbore, wherein the echo signal 1s indicative of
a wellbore property.

17. The system of claim 16, wherein the downhole tool
comprises a rotating head to which the transducer 1s coupled.
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